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APPARATUS AND METHOD FOR
APPROXTMATING THE MAGNITUDE OF A
-~ COMPLEX NUMBER

This invention was made with Government support
under Contract No. F30602-84-C-0094 awarded by the

Department of the Air Force. The Government has
rights in this invention.

BACKGROUND OF THE INVENTION

‘This invention relates to digital signal processing and
in particular to an apparatus and method for approxi-
mating the magnitude of a complex number given its
real and imaginary components.

Determining the magnitude of a complex number
such as X+jY, which is a common calculation per-
formed in radar signal processing applications, has been
accomplished by at least three methods: the CORDIC
computing technique, single interval linear approxima-
tion, and multiple interval piece-wise linear approxima-
tion. |

The term CORDIC was originally defined as stand-
ing for COordinate Rotation DIgital Computer by Jack
E. Volder in the September 1959 issue of IRE transac-
tions on Electronic Computers in an article titled, “The
CORDIC Trigonometric Computing Technique”. The
CORDIC computing technique was developed espe-
cially for use in a real-time digital computer where the
majority of the computation involved the discontinu-

ous, programmed solution of the trigonometric relation-
ships of navigation equations and a high solution rate

for the trigonometric relationships of coordinate trans-
formation. The basic computing technique in CORDIC
1S a step-by-step sequence of pseudo rotations which
result in an over-all rotation through a given angle or
result in a final angular argument of zero. The COR-
DIC computing technique and variations thereof have
been applied in many signal processing applications to
find an approximate magnitude of a complex number by
means of a process of successive rotations of its repre-
sentative vector towards one of the real or imaginary
component axes. Some drawbacks of CORDIC for
magnitude approximation are: complexity of implemen-
tation, “growth” or multiplication by a factor related to
the number of iterations, and time required for enough
iterations to obtain acceptable accuracy.

A second method, widely used in radar signal pro-
cessing, is single-interval linear approximation. Here,
- the real and imaginary components, X and Y are com-
pared and the greater one is multiplied by a factor Kg
and added to a factor Kz multiplied by the lesser one.
When no actual muitiplier is available, K¢ is unity and
K7 1s chosen as , §, or § to allow implementation with
adders. Drawbacks include a need for comparison and
multiplexing between X and Y, and poor accuracy of
about 3% RMS error (over all angles) and greater than
10% peak error

A third method as shown in a patent to William M.

Vojir et al, U.S. Pat. No. 4,599,701 describes a complex.

magnitude computing circuit that implements piecewise
linear approximations to achieve high precision without
the need for iteration and its processing burden. It is a
generalization of the second method to multiple inter-
vals wherein the greater (multiplied by a constant) and
lesser components are further compared to determine
which of two or more sets of constants Kg and K7
should be used in the multiplications. The increased
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2

accuracy, compared with the second method, is at the
expense of greater complexity and time delay of the
additional comparisons.

All three of these methods effectively require deter-
mination of the phase angle of the input vector to vary-
ing degrees of precision. Mechanization, even to simply
determine the octant of the angle, requires a “pass the
maximum to one destination and the minimum to an-
other” function with considerable complexity of the
requisite comparison and multiplexing hardware which
must handle all bits of each component.

SUMMARY OF THE INVENTION

In accordance with the present invention an appara-
tus and method is provided for approximating the mag-
nitude of a vector represented by a complex number
having a real component X and an imaginary compo-
nent Y. The apparatus comprises means for generating a
logarithm of an absolute value of the real component X
and a logarithm of an absolute value of the imaginary
component Y, means coupled to the logarithm generat-
ing means for selecting a scaling constant pair in accor-
dance with an address formed by concatenating the
logarithm of the absolute value of the real component X
and the logarithm of the absolute value of the imaginary
component Y, the constant pair comprising a real con-
stant Kx and an imaginary constant K, and means cou-
pled to the constant pair selecting means, to the real
component X and to the imaginary component Y for
computing the magnitude of the complex number. The
logarithm is computed to the base-2, and the real com-
ponent X and the imaginary component Y of the com-
plex number is represented by two’s complement binary
words. A constant pair is preselected for each one of a
plurality of regions within a quadrant of a coordinate
system representing a complex plane, and the prese-
lected set of constant pairs for the quadrant is applicable
to all quadrants in accordance with a sign of the real
component X and the imaginary component Y. The set
of constant pairs for a quadrant are selected to minimize
the root mean square (RMS) error over all values of the
real component X and the imaginary component Y.
This apparatus provides a noniterative algorithm with
no feedback required, and it is amenable to pipelined
implementation with throughput up to one approxima-
tion performed per clock cycle in a fully parallel imple-
mentation. The real and imaginary channels remain
independent through a greater portion of the hardware
than in another approach requiring the computation of
the maximum of the real and imaginary components,
while no multiplexing of the components is required.
An accuracy of 0.57% RMS error (of the value) is
achieved with the present invention. Accuracy may be
significantly improved by generating the logarithms
with more bits and employing more sets of constant
pairs.

In accordance with a further feature of the invention,
a method is provided for approximating the magnitude
of a complex number having a real component X and an
imaginary component Y comprising the steps of: gener-
ating a base-2 logarithm of an absolute value of the real
component X of the complex number, generating a
base-2 logarithm of an absolute value of the imaginary
component Y of the complex number, selecting a code
in accordance with an address formed from the loga-
rithm of an absolute value of the real component X and
the logarithm of an absolute value of the imaginary

- component Y, the code being used to select one of a
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plurality of constant pairs for each one of a plurality of
regions in a quadrant of a coordinate system storing the
plurality of constant pairs for the plurality of regions in
a memory means, the memory means having a first
portion for storing real constants Ky of the constant
pairs and a second portion for storing imaginary con-
stants K, of the constant pairs, multiplying the real
component X by the real constant K, from the first
portion of the memory means to obtain a real product
term, multiplying the imaginary component Y by the
imaginary constant K, from the second portion of the
memory means to obtain an imaginary product term,
and adding the real product term to the imaginary prod-
uct term to obtain the magnitude of the complex num-
ber. The steps of generating the logarithm of an abso-
lute value of the real component X and the logarithm of
- an absolute value of the imaginary component Y further
comprise generating logarithms symmetrical about zero
for positive and negative values of each component.
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The step of selecting the code for selectmg one of a ,,

plurality of constant pairs further compnses the step of
using the one quadrant of constant pairs for all quad-
rants of the coordinate system in accordance with a sign
of the real component X and a sign of the imaginary
component Y with the coordinate system representing a
complex plane. The step of selecting the constant pair
includes having sets of a constant pair optimized to
minimize root mean square (RMS) error over all p0351-
ble values of the real component X and the imaginary
component Y in a coordinate system representing a
complex plane. The step of selecting one of a plurality
of constant pairs for the plurality of regions comprises

the step of providing seven sets of the constant pairs.
The step of providing seven sets of the constant pairs

further comprises the step of obtaining the seven seis
from four sets of constant pairs by interchanging the
real constant Kxand the imaginary constant K, within a
set in accordance with a location of each of the regions
with respect to a 45 degree line in the quadrant of the
coordinate system representing a complex plane.

BRIEF DESCRIPTION OF THE DRAWINGS

Other and further features of the invention will be-
come apparent in connection with the accompanying
drawings wherein:

FIG. 11s a block diagram representation of the inven-
tion for approximating the magnitude of a complex
number.

FIG. 2 shows a quadrant subdivision comprising a
plurality of regions A, B, C, D, B, C' and D’, each
region having one of a set of seven scaling constant

pairs of values for any complex number falling within
that region.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1 there is shown a functional
block diagram of the invention for approximating the
vector magnitude of a complex number X+-jY having a
real component, X, and an imaginary component, Y. An
approximate magnitude, M, of the complex number
X-+3Y 1s obtained by the embodiment of FIG. 1 solving
the equation

where Ky is a real scaling constant and K, is an imagi-
nary scaling constant. The real component X word
input in two’s complement representation comprising
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16 bits is coupled to a Real Log Generator 10 and the
imaginary component Y word input in two’s comple-
ment representation comprising 16 bits is coupled to an
IMAG Log Generator 12. Both Log generators 10 and
12 determine the base-2 logarithm (log) of the absolute
value of the two’s complement numbers applied to their
inputs, and four bit outputs from each of said Log Gen-
erators 10 and 12 are concatenated and coupled to a
Region Code Selector 14. The Region Code Selector 14
receives a total of 8 bits at its input for selecting and
generating a 2-bit constant select (CSEL) code, in addi-
tion to generating two control signals RG and IG for
indicating which of the two log values received by the
Region Code Selector 14 is greater in value. The CSEL
and RG signals are coupled to a Real Constant ROM 16
and the CSEL and IG signals are coupled to an IMAG
Constant ROM 18. The Real Constant ROM 16 also
receives a sign bit (XSIGN) of the real component X
word as an input and the IMAG Constant ROM 18 also
receives a sign bit (YSIGN) of the imaginary compo-
nent Y word as an input. The 16 bit output, Ky, from the
Real Constant ROM 16 is coupled to Multiplier 20
where it 1s multiplied by the real component X word
input and the resulting product K;:X is coupled to
Adder 24. A 16 bit output, K, from the IMAG Con-
stant ROM 18 1s coupled to a Multiplier 22 where it 1s
multiplied by the imaginary component Y word input
and the resulting product K,Y is coupled to Adder 24.
Adder 24 adds together the two products KxX+4K,Y
which produces the approximate magnitude, M, of the
complex number X+jY.

Still referring to FIG. 1, sufficient accuracy is ob-
tained for selecting the multiplier constants K and K,

by calculating the 4-bit base-2 logarithms of the absolute
values of the real and imaginary components, X and Y,
of a complex number using the Real Log Generator 10
and the IMAG Log Generator 12. These logarithms are
obtained by counting the number of leading zeros (for
positive numbers) or the number of leading ones (for
negative numbers) and the numbers are two’s comple-
ment numbers. Each additional leading zero in a posi-
tive number decreases the base-2 log of the number by
one and each additional leading one in a negative num-
ber decreases the base-2 log of the number by one. The
Real Log Generator 10 is embodied using two pro-
grammed array logic (PAL) devices such as model
AMPAL22V10A manufactured by Advanced Micro
Devices of Sunnyvale, Calif. While a single program-
mable logic array could be used, the two PAL devices
permit operation at an 8 MHz clock frequency as re-
quired in the application of the present embodiment.
One of the PALs determines the logarithm for the posi-
tive numbers and the other PAL determines the loga-
rithm for the negative numbers. Tables 1 and 2 respec-
tively show the truth tables for these two PAL devices.
One skilled in the art may recognize that secondary
benefits may be derived in a signal processing system
having logarithm generators by accomplishing other
functions such as bit compression to reduce memory
storage requirements, conversions to floating point, and
overflow prediction.

The output values for Table 1 are not the true base-2
log values but instead each is the base-2 log value plus 1.
This provides for the base-2 logs of positive and nega-
tive inputs to be symmetrical about zero. The 4-bit
outputs of the two PALs implementing the Real Log
Generator 10 are ORed together to produce the base-2
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logarithm of the 16-bit real component X absolute value
(log2| X1).

6

opposite sides of a 45° line in the complex plane. The
number of regions depends on the required accuracy.

TABLE 1
LEADING ZERO DETECTOR
* (BASE 2 LOG OUTPUT)
INPUT BITS ~OUTPUTS
S 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0 3 2 1 0O
0 1 X X X X X X X X X X X X X X 1 11 1
0 0 1 X X X X X XX XX XX XX 111 o
0 0 0 I X X X X X X X X X X XX 11 0 1
00 0 0 1 X X X X X X XXX XX 110 o
0 0 0 0 0 1 X X X X X X X XX X 1 0 1 1
0 0 0 0 0 0 1 X X X X X X X X Xt 0 1 o
0 0 0 0 0 0 0 I X X X X X X XX 1 0 0 1
0 0 0 0 0 0 0 0 1 X X X X XXX 1 00 o0
0 0 0 0 0 0 0 0 0 I X X X X X X 0 1 1 1
0 0 0 0 0 0 0 0 0 0 I X X X X X 011 o0
0o 0 0 0 0.0 0 0 0 0 0 I X X X X 0 1 0 1
0 0 0 0 0 0 0 0 0 0 0 0 I XX X 01 0 0
6o 0 0 0 0 0 0 0 0 0 0 0 O 1 X X 0 0 1 1
0o 0 0 0 0 0 0 0 0 0 0 0 0 0 1 X 0 0 1 0
0O 0 0 0 00 0 0 0 0 0 0 0 O0O0 1 0 0 0 1
O 0 0 0 00 0 0 06 0 0 0 0 0 G 0 0 0 0 O
TABLE 2
'LEADING ONE DETECTOR
(BASE 2 LOG OUTPUT)
INPUT BITS OUTPUTS
S 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 3 2 1 O
1 1 1 1 1 1t 1 1 1 1 11 111100 O O
t 1 1 t 1 1 1 1 1 1 1 1 1 110 00 O |1
1 1 1 t 1 1 1 1 1 1 1 1 1 1 0 X 0 0 1 0O
1 1 1 1 1t 1 1 1 1t 1 1 1 1 0 X X 0 0 1 1
1 1 1 1 1 1 1t 1 1 1 1 1 0 X X X 01 0 0
1 1 1 1 1 1 1 1 1 1 1 0 X X X X 0 1 0 1
1 1 1 t 1 1 1 1 1 1 06 X X X X X 01 1 o
1 1 1 1t 1 1 1 1 1 0 X X X X X X 0 1 1 1
1 1 1 1 1 1 1 1 0 X X X X X X X 1 0 0 0
1 1 1 1 1 1 1 0 X X X X X X X X 10 0 1
1 1 1 1 1 1t 0 X X X X X X X XX 1 0 1 o0
1 1 1 1 1 0 X X X X X X X X XX 1 0 1 1
1 1 1 1 0 X X X X X X XX X XX 11 0 o
1 1 1 0 X X X X X X X X X XXX 110 1
1 1 0 X X X X X X X X X X X XX 111 o
] 0 X X X X X X X X X X X XXX 1 11 1

m

The IMAG Log Generator 12 is implemented with
an 1dentical pair of PAL devices used to implement the
Real Log Generator 10 and produces the base-2 loga-

rithm of the 16-bit imaginary component Y absolute
value (log: | Y{). |

Referring now to FIGS. 1 and 2, the Region Code
Selector 14 generates a 2-bit constant select (CSEL)

code, which is coupled to the Real Constant ROM 16

and the IMAG Constant ROM 18 and used to select one

of four distinct constant pairs. Each constant pair con--
sists of one real constant, K, and one imaginary con- |
stant, Ky. A constant pair is associated with each of the -
regions A, B, C, D, B’, C’' and D’ of a quadrant in a

coordinate system representing a complex plane as
shown in FIG. 2 and the constant pair values are used
for any complex number that falls within that region.
Regions with the same letter (e.g., B and B’) use the
same constant pairs with X and Y values reversed on

45

>0

29

The seven sets of constants A, B, C, D, B’, C’ and D’ in
the present embodiment, listed in Table 3, were selected
to minimize RMS errors to the values shown. Peak
errors approaching 4.39% occur at only a few points in
Region A. Area-weighted average RMS error is ap-
proximately 0.57% excluding the area outside the unit

circle 32 in outer-most region A, or 0.67% over the
entire unit square 30.

TABLE 3
i ittt

ROM CONSTANT PAIR VALUES

UPPER LLOWER RMS

REGION CSELL CONSTANT CONSTANT ERROR
e S L

D 00 997 094 0.15%
C 01 966 268 0.27%
B 10 387 475 0.73%
A 11 714 714 1.07%

M

TABLE 4

%
CSEL as a Function of LOG,|Y| and LOG>IX]

LOG, | X| "

LOG;>|Y]|

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
s s s i
11 10 01 00 00 00 00 0O 00 00 0O 00 00 00 00 OO
10 11 10 01 00 00 00 00 00 00 00 0O 00 00 0O OO
01 10 11 10 01 GO OO 00 00 00 00 0O OO 00 00 OO
00 01 10 11 10 01 00 00 00 OC 00O 00 CO 00 00 OO
00 00 01 10 11 10 01 00 00 OO0 00 OO0 00 OO 00 OO
00 GO 00 Ol 10 11 10 O1 00O 00 QO 0O 00O 00 00 OO

W o N = O
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TABLE 4-continued

W

CSEL as a Function of LOG;|Y| and LOG, | X|
L0G2|X|

-
i
b
2

5 6 7 8 9 10 11

12

13 14 15

1 10 11 10
01 10 11
01 10

01

01 00 00 00
10 01 00 OO0
11 10 01 00
16 11 10 01
01 10 it 10
60 01 10 11
00 00 01 10
G0 00 00 01
60 00 00 00
60 00

O 0O ~J O

2888383838

10
11
12
13
14
15

SIIR888888
SESE83583S
888888883
S8 8883
BEE8S8E8E
8888888
58383883

00
00
00
00
01
10
11
10
01

00 00 00 01 10

00
00
00
00
0l
10
11
10

282883
—oR83888883

01
10
11

The Region Code Selector 14 produces the two one-
bit control signals RG and IG, which are used to
indicate which one of the two log values coupled to the
input of the Region Code Selector 14 is the greater one.

There is a set of constant pairs for use when logz | X|
is greater than 1082|‘Y| ; When the opposite is true, the same set is
employed with the values of Kx and K, reversed. This fact per-
mits making the contents of the Real Constant ROM 16
and IMAG Constant ROM 18 identical. The RG signal
coupled to the Real Constant ROM 16 is asserted when
loga|X| is greater than logz|Y|. The IG signal coupled
to the IMAG Constant ROM 18 is asserted when logs.
| Y| is greater than logs|X]. When the logs|X| equals
logz| Y|, both the RG and IG signals are asserted. Table
3 shows the values of the four different constant pairs
and the corresponding constant select (CSEL) code for
each pair. When RG is asserted, K is the upper con-
stant value and K, is the lower constant value. When IG
i1s asserted, K, is the upper constant value and K, is the
lower constant value. When CSEL equals 11 both the

upper and lower constants are the same; in this case the
state of RG or IG is arbitrary. However, it was chosen

to have both IG and RG asserted in this case to provide
-an indication that the Region Code Selector 14 is oper-
ating in this region. Table 4 shows how CSEL is se-
lected by log;|X]| and logz|Y|. The Region Code Se-
lector 14 may be embodied by a read-only memory
(ROM) having 256 locations and 4 bits per location.

The Real Constant ROM 16 and the IMAG Constant
ROM 18 are the lookup tables for obtaining the real
constant Kx and the imaginary constant K,, Each table
1s embodied by two 32-word by 8-bit ROMs configured
as one 32-word by 16-bit ROM. The inputs to each
ROM 16 and 18 include the constant select (CSEL)
code, the sign bit of the corresponding input word (X or
Y), and the upper/lower constant bit out of the Region
Code Selector 14 (RG or IG). Both the real and imagi-
nary tables use the two-bit constant select (CSEL) code
to determine which pair of constants is to be selected. In
order to decide which of the 2 constants (K or K}) shall
be the upper and which shall be the lower (see Table 3),
the Real Constant ROM 16 uses the signal RG and the
IMAG Constant ROM 18 uses the signal IG from the
Region Code Selector 14. Since by definition the magni-
tude of a complex number is positive, the lookup tables
must cutput the constant value with the same sign as the
corresponding input by which it is to be multiplied.
Therefore, the Real Constant ROM 16 has the sign bit
(XSIGN) of the real input word X as an input and the
IMAG Constant ROM 18 has the sign bit (YSIGN) of
the imaginary input word Y as an input. This provides
for four quadrant coverage with only one quadrant of
specific constant pairs.

This concludes the description of the preferred em-
bodiment. However, many modifications and alter-

15

ations will be obvious to one of ordinary skill in the art
without departing from the spirit and scope of the in-
ventive concept. For example, (1) accuracy may be

improved by adding more least-significant bits to the
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Real Log Generator 10 and IMAG Log Generator 12
outputs, the Region Code Selector 14 inputs and by
extending the constant ROMSs; (2) more dynamic range
may be obtained with more bits in the X and Y compo-
nents; (3) most of the logic structures can be further
stmplified and optimized for LSI implementation; (4) a
tradeoff in the direction of further simplication (at the
expense of throughput) may be made by employing
time-sharing of log generators and multipliers or by
bit-serial implementation to which the required func-
tions are amenable; (5) pipeline registers may be em-
ployed for greater speed; and (6) binary fractional coef-
ficient values may be used to eliminate multipliers by
performing only shifting and adding. Therefore, it is
intended that the scope of this invention be limited only
by the appended claims.
What is claimed is:

1. Apparatus for approximating a magnitude of a
complex number having a real component X and an
imaginary component Y comprising:

means for generating a logarithm of an absolute value

of said real component X and a logarithm of an
absolute value of said imaginary component Y of
said complex number;
means coupled to said logarithm generating means
for selecting a scaling constant pair in accordance
with an address formed by said logarithm of said
absolute value of said real component X and said
logarithm of said absolute value of said imaginary
component Y, said constant pair comprising a real
constant K and an imaginary constant K,; and

means coupled to said constant pair selecting means,
to said real component X, and to said imaginary
component Y for computing said approximate
magnitude of said complex number.

2. The apparatus recited in claim 1 wherein:
said logarithm is computed to the base-2.

3. The apparatus recited in claim 1 wherein:

said real component X and said imaginary component
Y of said complex number comprise two’s comple-
ment binary word inputs to said logarithm generat-
ing means.

4. The apparatus recited in claim 1 wherein:

said address for selecting a scaling constant pair is
formed by concatenating said logarithm of said
absolute value of said real component X and said

logarithm of said absolute value of said imaginary
component Y.

S. The apparatus recited in claim 1 wherein:
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said logarithm generating means comprises means for
generating logarithms symmetrical about zero for
positive and negative inputs.

6. The apparatus recited in claim 1 wherein:

10

18. The apparatus recited in claim 10 wherein:

said constant pair selecting means comprises logic
arrays.

19. Apparatus for approximating a magnitude of a

each constant pair for a quadrant of a coordinate 5 complex number having a real component X and an

system being applicable to all quadrants in accor-
dance with a sign of said real component X and a
sign of said imaginary component Y, said coordi-
nate system representing a complex plane.

7. The apparatus recited in claim 1 wherein: 10 -

said constant pair is selected to obtain a desired error
characteristic over all possible values of said real
component X and said imaginary component Y.
8. The apparatus recited in claim 1 wherein said loga-
rithm generating means comprises logic arrays. 15
9. The apparatus recited in claim 1 wherein:
said constant pair selecting means comprises logic
arrays. |
10. Apparatus for approximating a magnitude of a
complex number having a real component X and an 20
imaginary component Y comprising:
means for generating a logarithm of an absolute value
of said real component X and a logarithm of an
absolute value of said imaginary component Y of
sald complex number; 25
means coupled to said logarithm generating means
for selecting a scaling constant pair in accordance
with an address formed by said logarithm of said
absolute value of said real component X and said
logarithm of said absolute value of said imaginary 30
component Y, said constant pair comprising a real
~constant K and an imaginary constant K,;
means coupled to said constant pair selecting means
for multiplying said real component X by said real
constant K portion of said constant pau' and said 35
imaginary component Y by said 1magmary const-
nat K, portion of said constant pau' forming two
products; and
means coupled to said multiplying means for combin-
ing said products resulting from said multiplying 40
means to form said magnitude.
11. The apparatus recited in claim 10 wherein:
said logarithm is computed to the base-2.
12. The apparatus recited in claim 10 wherein:
said real component X and said imaginary component 45
Y of said complex number comprise two’s comple-
ment binary word inputs to said logarithm generat-
Ing means.
13. The apparatus recited in claim 10 wherem
said address for selecting a scaling constant pair is 50
formed by concatenating said logarithm of said
absolute value of said real component X and said
logarithm of said absolute value of said imaginar
component Y.
14. The apparatus recited in claim 10 wherein: 55
said logarithm generating means comprises means for
generating logarithms symmetrical about zero for
positive and negative inputs.
15. The apparatus recited in claim 10 wherein:
each constant pair for a quadrant of a coordinate 60
system being applicable to all quadrants in accor-
dance with a sign of said real component X and said
Imaginary component Y, said coordinate system
representing a complex plane
16. The apparatus recited in claim 10 wherein: 65
said combining means comprises adder means.
17. The apparatus recited in claim 10 wherein said
logarithm generating means comprises logic arrays.

imaginary component Y comprising:

means for generating a base-2 logarithm of an abso-
lute value of said real component X and a base-2
logarithm of an absolute value of said imaginary
component Y of said complex number;

means coupled to said logarithm generating means
for selecting a code to select a constant pair for
each one of a plurality of regions in a quadrant of a
coordinate system;

memory means coupled to said code selecting means
for storing said constant pair for each of said plural-
ity of regions, each constant pair comprising a real
constant K and an imaginary constant K;

first multiplier means coupled to said real component
X and said memory means for multiplying said real
component X by said real constant K

second multiplier means coupled to said imaginary
component Y and said memory means for multiply-
ing said 1maginary component Y by said imaginary
constant K,; and

means coupled to an output of said first multiplier
means and to an output of said second multiplier
means for adding together said output from said
first and second multiplier means to obtain sald
magnitude of a complex number.

20. The apparatus recited in claim 19 wherein:

said real component X and said imaginary component
Y of said complex number comprises two’s comple-
ment binary word inputs to said logarithm generat-
ing means.

21. The apparatus recited in claim 19 wherein:

values of said real component X logarithm and said
imaginary component Y logarithm are concate-
nated to form an address for coupling to said code
selecting means.

22. The apparatus recited in claim 19 wherein:

said plurality of regions comprises seven sets of said
constant pairs.

23. The apparatus recited in claim 22 wherein:

said seven sets of said constant pairs are obtained by
storing four sets of said constant pairs and inter-
changing said real constant K, and said imaginary
constant K, within a set depending on a location of
each of said regions with respect to a 45 degree line
in a complex plane.

24. The apparatus recited in claim 19 wherein:

said constant pair is selected to minimize root means
square (RMS) error over all possible values of said
real component X and said imaginary component
Y.

25. The apparatus recited in claim 19 wherein:

said constant pair for each of said plurality of regions
stored in said memory means for said quadrant of a
coordinate system being applicable to all quadrants
in said coordinate system in accordance with a sign
of the values of said real component X and said
imaginary component Y of said complex number.

26. The apparatus recited in claim 25 wherein:

said coordinate system represents a complex plane.

27. The apparatus recited in claim 19 wherein said

base-2 logarithm generating means comprises logic ar-
rays.
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28. The apparatus recited in claim 19 wherein said
code selecting means comprises logic arrays.
29. A method for approximating a magnitude of a
- complex number having a real component X and an
imaginary component Y comprising the steps of: 5
- generating a logarithm of an absolute value of said
real component X and a logarithm of an absolute
value of said imaginary component Y of said com-
plex number; |
selecting a scaling constant pair in accordance with 10
an address formed by said logarithm of said abso-
lute value of said real component X and said loga-
rithm of said absolute value of said imaginary com-
ponent Y, said constant pair having a real constant
K portion and an imaginary constant K, portion; 15
and
computing said approximate magnitude of said com-
plex number in accordance with the values of said
constant pair Krand K, said real component X and

sald imaginary component Y. 20

30. The method recited in claim 29 wherein:

said step of generating a logarithm comprises generat-

ing said logarithm to the base-2.

31. The method recited in claim 29 wherein:

said step of selecting a scaling constant pair further 25

comprises the step of having stored in a memory
means a plurality of constant pairs for a quadrant of
a coordinate system, each of said constant pairs
being applicable to at least one of a plurality of
regions within said quadrant. 30

32. The method recited in claim 29 wherein:

said step of selecting a scaling constant pair further

- comprises the step of using said plurality of con-

stant pairs for all quadrants of a coordinate system

in accordance with a sign of said real component X 35
and a sign of said imaginary component Y, said
coordinate system represennng a complex plane.

33. The method recited in claim 29 wherein:

said step of selecting said scaling constant pair in-

cludes having sets of a constant pair selected to 40
minimize root means square (RMS) error over all
possible values of said real component X and said
imaginary component Y in a coordinate system
representing a complex plane.

34. A method for approximating a magnitude of a 45
complex number having a real component X and an
imaginary component Y comprising the steps of:

generating a base-2 logarithm of an absolute value of

said real component X of said complex number:;

generating a base-2 logarithm of an absolute value of 50

said imaginary component Y of said complex num-
ber;

selecting a code in accordance with an address

formed from said logarithm of an absolute value of
said real component X and said logarithm of an 55
absolute value of said imaginary component Y, said

65
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code being used to select one of a plurality of con-
stant pairs for each one of a plurality of regions in
a quadrant of a coordinate system;

storing said plurality of constant pairs for said plural-
ity of regions in a memory means, said memory
means having a first portion for storing real con-
stants K, of said constant pairs and a second por-
tion for storing imaginary constants K, of said con-
stant pairs;

multiplying said real component X by said real con-
stant Kx from said first portion of said memory
means to obtain a real product term;

multiplying said imaginary component Y by said
imaginary constant Ky from said second portion of
said memory means to obtain an imaginary product
term; and

adding said real product term to said imaginary prod-
uct term to obtain said magnitude of said complex
number.

35. The method recited in claim 34 wherein:

said steps of generating said logarithm of an absolute
value of said real component X and said logarithm
of an absolute value of said imaginary component
Y further comprises generating logarithms sym-
metrical about zero for positive and negative val-
ues of each component.

36. The method recited in claim 34 wherein:

said step of selecting said code for selecting one of a
plurality of constant pairs further comprises the
step of using said one quadrant of constant pairs for
all quadrants of said coordinate system in accor-
dance with a sign of said real component X and a
sign of said imaginary component Y, said coordi-
nate system representing a complex plane.

37. The method recited in claim 34 wherein:

said step of selecting said constant pair includes hav-
ing sets of constant pairs optimized to minimize
root mean square (RMS) error over all possible
values of said real component X and said imaginary
component Y in a coordinate system representing a
complex plane.

38. The method recited in claim 34 wherein:

said step of selecting one of a plurality of constant
pairs for said plurality of regions comprises the step
of providing seven sets of said constant pairs.

39. The method recited in claim 38 wherein:

said step of providing seven sets of said constant pairs
further comprises the step of obtaining said seven
sets from four sets of constant pairs by interchang-
ing said real constant Ky and said imaginary con-
stant K;, within a set in accordance with a location
of each of said regions with respect to a 45 degree
line in said quadrant of said coordinate system

representing a complex plane.
x x * x Xk
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